I. Introduction
The application of the subhalide reaction to Al refining has recently been a subject of increasing concern as a process to obtain pure Al from crude Al alloys. In this process, the ternary Al-Si-Fe alloy containing various amounts of Si and Fe which is produced(1)-(3) by the direct reduction of bauxite or alumina-bearing ores is used as the raw material. Therefore, on obtaining pure Al from Al-Si-Fe ternary alloys by the subhalide process, it is very important to know the thermodynamic properties of ternary Al-Si-Fe alloys. On the subhalide reaction, the reactivity between AlCl3 and Al in the alloys depends strongly on the activity of Al, so that it is indispensable to know the activities in the ternary Al-Si-Fe system. However, very little work has been reported about this system.
In this report, the activities of Al in the ternary liquid Al-Si-Fe system were determined by the emf method activities of Al, activities of Si and Fe were calculated by Schuhmann's tangent intercept procedure (4). With great emphasis on the reactivity between AiC13 and Al in the alloys, the compositions of AI-Si-Fe alloys suitable for the raw material to this process were selected using the obtained activities of Al, Si and Fe.
II. Experimental Procedure

Specimens
The chemical compositions of the ternary AI-Si-Fe alloys used for the emf measurement are shown in Fig. 1 . The mother alloys for the ternary AI-Si-Fe alloys shown by A -G points in Fig. 1 were prepared by vacuum melting of high purity Al (99.99 %), electrolytic iron and pure Si (99.9 %). Seven alloy systems (A-G alloy systems) in which the ratios of Fe/Si in weight are 0.133, 0.338, 0.561, 1.000, 1.667, 3.040 and 6.940 were prepared by the addition of pure Al to the seven mother alloys. Such alloys lie on the straight lines which pass through the corner corresponding to pure Al.
Apparatus
The activities of Al in liquid ternary AI-Si-Fe alloys were measured by potentiometric measurements of the reversible emf of the cell as functions of temperature and composition of the alloy. The cell under study was as follows:
AI(1)|A1 +++(KCI + NaCI)|A1(in AI-Si-Fe). A diagram of the experimental apparatus is shown in Fig. 2 . Each cell contained three electrodes (5), one of which was composed of pure Al and the other two were of AI-Si-Fe alloys. A quartz tube (2) having an outside diameter of 70 mm contained the whole cell assembly and was fitted with a water cooled brass top (3). Suitable fittings in the top permitted insertions of leads (10), a thermocouple sheath (9) and the gas and vacuum connection, so that the cell could be evacuated or pressurized as desired. The most important problem in operating the cells at high temperature is the selection of contact lead material. Tantalum was used for the contacting lead because it was the only metal that was hardly attacked by liquid Al. The large cell case-containing crucible (7) and the sheathing for the tantalum lead wires were made of alumina of 97 % purity. The eutectic mixture of sodium and potassium chlorides containing about 5 % AICI3 was used as electrolyte.
Experimental procedure
Prior to the experimental runs, pure Al and the alloys were melted in high-purity alumina electrode crucibles (6) in a purified argon atmosphere, and then tantalum lead wires protected by a high alumina sheath were inserted into the melt and chilled quickly. After the solid electrolyte was transferred to the cell under a purified argon atmosphere, the cell was sealed in the quartz tube. The system was evacuated for 5 min to degas the electrode and the electrolyte, and then purified argon gas was introduced to the system until the pressure reached an atmospheric pressure + 5 mmHg. The temperature of the cell was then raised to 
III. Experimental Results
The emf measurements were carried out on the alloys of the binary Al-Si and Al-Fe systems, and of the above-mentioned seven ternary systems in the the activities of Al in the alloys are obtained directly by eq. (1). Based on the activities of Al, the activities of Si and Fe were calculated by Schuhmann's method. were also determined in B-G alloy systems. Activity surface for Al in the ternary liquid Al-Si-Fe system at
The isoactivity curves protrude at the E-F alloy systems. Therefore, the activities of Al in the E-F alloy systems exhibit the largest value at a constant composition of Al.
Activities of Si and Fe
Darken(s), Wagner (9) and Schuhmann (4) 
a tangent drawn to the isoactivity curves of Al was extended to intersect the Al-Si side of the triangle, and then the composition read at the intersection from the composition scale along Al-Si was converted to a mole ratio of component Al to component Si. Equation (3) can be integrated along lines of constant ratio a straight line which passes through the corner corresponding to pure Al. When the chemical potential at a Since the Gibbs-Duhem equation shows that the manner in which one of chemical potentials can vary with composition is closely related to the manner in which the other two chemical potentials vary with composition, it is reasonable to expect that the directions or slopes of the three isoactivity curves at a given point must be related in a simple fashion. The three intersections (T1,23, T2 ,13, T3,12) between the tangents of the three isoactivity curves at a given point and the ternary triangle must fall on a single straight line. Here, T1 ,23 indicates the intersecting point between the tangent of the isoactivity curve of component 1 and the binary system of components 2 and 3. It was difficult to confirm the above relation because of the complexity of the isoactivity curves obtained in this work. However, the intersections fall on a single straight lines generally.
IV. Discussion
Alloys produced by the direct reduction of bauxite or alumina-bearing ores are reported to be ternary Al-Si-Fe alloys containing 40 -70 wt % Al and various amounts of Si and Fe. As can be seen from our previous work, the reactivity between Al and AlCl3 depends strongly on the activity of Al in the alloys. The results of this work show that the activity of Al in Al-Si-Fe alloys at constant aluminum composition depends strongly on the compositions of Si and Fe. Therefore, the concentration of the liquid Al-Si-Fe ternary alloys suitable for the subhalide process as the raw material was selected from the measured activities of Al. Fig. 9 Concentration dependence of activity at constant aluminum composition.
In the subhalide reaction, as only Al in Al alloys reacts with AIC13 and decreases its concentration, the composition of Al in Al-Si-Fe alloys supplied to the reaction as the raw material decreases along the lines of the constant Fe/Si ratio in the Al-Si-Fe ternary system. When AiC13 reacts with Al-Si-Fe ternary alloys containing a constant amount of Al and various amounts of Si and Fe for a certain time, the retained Al in the alloys is shown to be minimum in the alloy in which the activity of Al in the starting material is large and the decrement in the activity of Al with decrease in Al content is minimum. Therefore, in order to make clear the relation between the activity and composition of Al at constant Fe/Si, the concentration dependence of the activity at a constant Al composition was obtained from Fig. 6 and is shown in Fig. 9 . As can be seen from Fig. 9 , it is concluded that the liquid Al-Si-Fe alloys with Fe/Si = 1.5-2.0 are most suitable for the subhalide process as the raw material.
V. Summary
(1) The activities of Al in the ternary liquid AI-SiFe system were determined by the emf method in the at E -F alloy systems, and then the activities of Al in these alloys with Fe/Si = 1.5-2.0 exhibit the largest value at a constant composition of Al.
(2) Based on the isoactivity curves of Al measured in this study, the activities of Si and Fe were calculated by Schuhmann's method. Although isoactivity curves of Si and Fe are complex in shape, the three intersections (T1,23, T2,13, T3,12) fall on single straight lines generally.
(3) Judging from the activities of Al. obtained in this study, it is concluded that the ternary liquid AlSi-Fe alloys with Fe/Si = 1.5 -2.0 are most suitable for this process as the raw material.
